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ABSTRACT

A computer program for calculation of the echo area of
smoothly joined, N section convex conducting surfaces of revolution,
described by a second degree equation is presented. ForthecaseofE g
(parallel) polarization of the incident and scattered fields the
solution is obtained by a combination of geometrical optics and
creeping wave theory, For the case of E¢ (perpendicular) polari-
zation the solution is obtained using geometrical optics, and the
creeping wave is neglected. The computed results for Eg polari-
zation are in good agreement with measurements for prolate
spheroids, prolate spheroid-sphere, and prolate spheroid-oblate
spheroid combinations,
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A COMPUTER PROGRAM FOR BACKSCATTER
BY SMOOTHLY JOINED, SECOND DEGREE
SURFACES OF REVOLUTION

I. INTRODUCTION

The computer program listed in Appendix I applies the geo-
metrical optics and creeping wave solutions described in Ref, 1, 2
to obtain the backscattered fields of a surface of revolution, The
target is composed of N sections, each section described by a
second degree equation, In addition the target must be convex, and
be smoothly joined at the boundaries between sections., The program
as listed computes the backscattered field and echo area for Eg
(parallel) polarization as a function of the incidence angle, for a
given wavelength, The geometrical optics backscattered field is
independent of polarization, thus the geometrical optics scattered
fieldforthecase of E, (perp=2ndicular) polarization is also obtained.
The creeping wave scattered field has not been included for E
polarization due to the difficulty in obtaining the ray path of the
creeping wave in this case.! This program has been tested for
E g polarization for prolate spheroid, prolate spheroid-sphere,
and prolate spheroid-oblate spheroid targets, The results of these
tests are presented in Ref, 1.

II. TARGET DESCRIPTION

The surface is described in each section by the second
degree equation

(1) F(r,8 = A r?2 sin2 0+ A, r? cos? 6+ A‘,’rz sin6cos 6
L rcos8+ A, rsin 6+ A, =0

The constants Ay ... Ay specify the surface in the section (i) bound-
ed by the angles 6; and 8; . ;. The surface which may be represent-
ed by Eq. (1) includes the sphere, prolate and oblate spheroids, and
the ogive, In general any surface derived from a conic section can
be described by this equation, More complex surfaces may be
represented by using a large number of sections and approximating
the desired surface by a second degree surface within each section.
This program provides for 20 sections but this number can be readily
increased.



A restriction on the target specification, which is a result of
the method for finding the specular point, is that the coordinate origin
be located such that the normal to the surface at z = 0 be r directed,
That is, dr/delz =0= 0. Discontinuities in the derivatives (d™r/a6Y
at the junctions between sections may exist. However, the effects of
such discontinuities as well as the effects of tips are not included in
this program, A discontinuity in the first derivative (dr/d® at the
junction ("'wedge'' discontinuities) causes diffraction, and can be
evaluated using wedge diffraction techniques.!> 2 A discontinuity
in the second derivative (d? r/dé ) at the junction results in reflect-
ion and transmission of an incident creeping wave at such a discon-
tinuity., An example of this effect, the spherically capped ogive, has
been discussed in Refs, 1 and 2. As the effects of a discontinuity in
the first derivative are significent this program may not give good
results for such a target., The creeping wave reflection effect due
to a moderate second derivative discontinuity may be neglected with
good results.! Thus good results for the scattered field of perfectly
conducting convex, smoothly joined surfaces of revolution may be
obtained using this program,

i1, THE CREEPING WAVE COMPUTER PROGRAM

The creeping wave computer program given in AppendixI uses
geometrical optics and creeping wave theory to calculate the back-
scattered field of the target, The geometrical optics field is obtain-
ed by identifying the specular point and calculating the Gaussian
curvature at the specular point. The backscattered field is then
calculated as given in Ref, 1. The creeping wave backscattered
field is obtained by identifying the points of attachment and re=-
radiation of the creeping wave, calculating the diffraction coefficient
at these points, and by computing the attenuation of the creeping wave
on a path defined by the E~plane of the target, The backscattered
field is then calculated as given in Ref, 1. These contributions are
added to obtain the total backscattered field,

Referring to the computer program listing shownin AppendixI
the function of the significant sections of the program will be dis-
cussed, The card numbers associated with cach section will be
specified. This discussion, together with the comment cards in-
cluded in the program listing, is intended to give sufficient infor-
mation about the program to enable a qualified programmer to both
use and modify the program. Statements which are in common use
in Fortran IV, such as DIMENSION, COMPLEX, and FORMAT
statements will not be discussed as it is assumed that the reader
has a knowledge of Fortran IV,



The COMMON declaration (0011) is used to store the constants
required in Eq. (1) in the common block labelled /DATA/. This
common block is used in conjunction with the unlabelled common block
to transfer a particular set of constants Al (I) to A6 (I) into the un-
labelled common regions shared by the subroutines. This provision
reduces the number of calling variables required by each subroutine,

The COMMON declaration (0013) is used to store and manipu-
late the angles corresponding to the section boundaries,

The statements 0018-0022 initialize constants which are re-
quired in the calculations,

The READ statements 0023-0027 read the required data,
and provision is also made to write out this data for the purpose of
identification,

The statements 0028-0030 set up the incrementation of the
incidence angle THT and the statement 0031 calculates the propaga-
tion factor FK,

Next the loop for incrementing the incidence angle is entered,
and the angle converted to radians, The logic statements (0036, 0037)
serve two purposes if the incidence angle exceeds 90°, First the
incidence angle is constrained to the range 0, < THT < 7w /2. Then
the subroutine FNVRT (N) is called. The subroutine FNVRT (N)
inverts the target, 1.e., the portion of the target defined as section
#1 becomes section #N, section #2 becomes section #(N-1) and so
forth. This provision is necessary so that the propagation direction
of the creeping waves which start at the point of attachment is always
the positive angular direction. This provision simplifies the logic
required to compute the creeping wave contributions, Figure 1
illustrates this provision,

The propagation vector and polarization vector of the inci-
dent wave are computed next (0038-0046). These vectors are used
in the determination of the specular point and the points of attach-
ment and reradiation of the creeping wave,

Next, the location of the specular point is determined
(0047-0060)., This is done by incrementing by DTHB along the
surface of the target in the ¢ = 0 plane, performing the scalar
product of the propagation vector and the surface normal vector at
each point, and by finding the point at which this product is a maximum,
This point, in section NSP, is the specular point (THSPP).
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EN(8 >90°)

' (6<90°)
AP
THTF(2) | THTI(3)
W)
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PR SECTION | SECTION 5 \ THTF(5)
2'=-2 THTI(I)

(b) THE INVERTED TARGET

Fig. 1. A target (a) and the inversion (b).



The location of the points of attachment and reradiation of the
creeping wave for ¢ = 0, 7 is determined next (0062-0090)., This is
done in the same manner as the determination of the specular point
location except that the scalar product of the polarization and normal
vectors is used., After these points have been found they are written
out together with the specular point (0091, 0092),

Having determined the location of the specular point (NSP,
THSPP, RSP) the Gaussian curvature at the specular point is comput-
ed and used to calculate the geometrical optics scattered field (0093-
0103).

The creeping wave path length is computed in 0104-0129,
This is done by starting at the attachment point (THCWL, ¢ = 0) and
performing a numerical integration of the differential arc length along
the surface to the point 6 = v, The length thus determined is CWLI,
This process is then repeated for the attachment point (THCWL, ¢ =)
with a result CWL2, The product of the propagation factor and the
sum of the path lengths then gives the free space phase of the creep-
ing wave which propagates around the target.

Next the complex attenuation of the creeping wave is com-
puted (0130-0150). The same process used to compute the path
length is applied, with the exception that the complex attenuation
coefficient must be integrated., This is accomplished using the
EXTERNAL ALPHDS as the integration function,

Having obtained the creeping wave path length, attenuation,
and points of attachment and reradiation, it is easy to calculate the
creeping wave scattered field, This is done in 0151-0161. The phase
is first calculated and the square of the diffraction coefficient de-
termined. Then the creeping wave scattered field ECW is computed.

The total scattered field and echo area in square wavelengths
are computed in 0162-0165, Next the common regions are reset if
THTD % 90° and the incidence angle in degrees, the geometrical
optics, creeping wave, total scattered field and echo area are
written, At the completion of the loop (0169) the program is ter-
minated.



IV. FUNCTIONS AND SUBROUTINES

In addition to the arguments required to call each subroutine
or function as given in the description below, it is necessary to trans-
fer the constants in Eq. (1) for the section (I) from the /DATA/
common block to the unlabelled common block, All function and
subroutines in which these COMMON statements appear require that
such a transfer be made. This provision reduces the number of argu-
ments required in the functions and subroutines,

Complex Function DELSP(THT) 0172-0179

This function calculates the incremental arc length in the ©
direction at THT, Although the arc length is a real number this
function is declared complex so that it may be used as an external
function in the numerical integration,

Subroutine FNVRT(N) 0180-0195
This subroutine interchanges the data which specifies the
. . o .
target, thus inverting the target by 180 in 6,

Complex Function SPHASE (THTI, PHII, THTB, PHIB, RB, FK)
0196-0204

This function determines the phase of the incident field
(THTI, PHII) at a point on the target (RB, THTB, PHIB) for a
propagation factor FK.

Complex Function PHASE (THTI, PHII, THTB, PHIB, RB, FK)
0205-0214

This function determines the backscattered phase of the field
at (RB, THTB, PHIB) for an incident field (THTI, PHII) and prop-
agation factor FK,

Complex Function ALPH (RHO1, RH02, WAVE) 0215-0230

This function computes the complex creeping wave attenu-
ation coefficient for the orthogonal radii of curvature RHO1 and RHO02
and a wavelength WAVE, RHO1 is the radius of curvature in the
propagation direction,

Complex Function DSQ (RI1, RSI, WAVE) 0231-0243

This function computes the square of the creeping wave
diffraction coefficient as a function of the radii of curvature RI1,
RS1 in the propagation direction and the wavelength WAVE,




Complex Function ALPHDS (THT) 0244-0260

This function determines the product of the creeping wave
attenuation coefficient and the metric of the surface which is needed
in the integration for the attenuation along the path.

Subroutine DIFFGO (R, THT, RTHT, RTTH, ECAP, FCAP, GCAP,
ELC, FLC, GLC) 0261-0301

This subroutine calculates the first (RTHT) and second (RTTH)
derivatives of the distance (R) from the origintothe surface at the
point (R, THT). In addition the coefficients of the first and second
fundamental forms of differential geometry of the surface ECAP,
FCAP, GCAP, ELC, FLC, GLC are computed.’

Subroutine FSPDT (RSP, THSP, FNT, THTS, THTF, DTHT, PHI,
VX, VY, VZ) 0302-0326

This subroutine finds the point (RSP, THSP) in the section
FNT bounded by THTS and THTF where the scalar product of the
surface normal vector and the vector (VX, VY, VZ) is a maximum,
This is done by incrementing in angle by DTHT and selecting the
largest scalar product,

Subroutine FINT (SSS, FCTI, FLL, FUL, ERRR, NX) 0327-0377
This is a subroutine for numerical integration of the complex
external function FCTI between the limits FLL and FUL. The com-
plex result is returned in SSS, ERRR specifies the percent error
desired and the integer NX determines whether equal integration
increments (NX = 1) or adjusted increments (NX = 2) are used. A
description of this integration technique is given in Ref, 3,

Subroutine FNORM (FNVX, FNVY , FNVZ, R, THT, PHI) 0378-0400

The subroutine FNORM calculates the surface normal vector
(FNVX, FNVY, FNVZ) at the point on the surface described by the
spherical coordinates R, THT, PHI.

Function RAD(THT) 0401-0419
This function computes the distance from the origin
to the point on the surface at the angle THT.

Subroutine FCOMM (I) 0420-0431

This subroutine transfers the constants required by Eq. (1)
for the I section from the /DATA/ common storage block to the
unlabelled common block.




V, DATA

A set of input data is shown in Fig., 2. The order of cards is
as follows:

Card 1 - specifies the number of sections (N)in the target.
Card 2 - specifies the wavelength and the increment in
incidence angle.
Next N cards - specify the initial and final angular boundaries
of the section in radians and the constants
required in Eq. (1).

The particular target specified by this data is the prolate
spheroid-oblate spheroid combination described in Ref. 1.

00002

1.0 2e9

Oe 1570796 204799 «5102 Qe Oe
16570796 341415327 244799 540955 Ooe Oe

Fig. 2. The input data,.
Vi. CONCLUSION

A computer program for backscatter by smoothly joined,
second degree surfaces of revolution has been developed using the
theory presented in Refs. 1 and 2. This program has been tested
for prolate spheroids, prolate spheroid-sphere, and prolate spheroid-
oblate spheroid combinations with good results.! The description of
the computer program given in this report should enable a capable
programmer to use and modify this program.

The creeping wave computer program was originally in-
tended to be integrated with the computer program based upon wedge
diffraction techniques.!’* This goal can be obtained by modification
of the logic sections of the two programs, and by converting the
computational sections of each of the programs to a subroutine form.
Thus a program utilizing both wedge diffraction and creeping wave
theory can be assembled.
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THE COMPUTER PROGRAM LISTING



SEXECU
$1B8J08B
$IBFTC

&

TE 18J08
GO «MAP
CREEP LIST«NODECK
FORMAT (115)
FORMAT (2F1045)
FORMAT (BF 10e5)
FORMAT (3F1548)
FORMAT(7F 15.8)
FORMAT(7H THSPP=F15e¢8¢GH THCWU=F 15.8¢7H THCWL=F15.8)
FORMAT (SH NSP=115+6H NSWU=115¢6H NCWL=115)
FORMAT (6H CWL1=F15¢8+6H CWL2=F15¢8)
COMMONRA1 +RA3+RB1 +RA9+RA10+RA11 +WAVE/DATA/AR]1 (20)+AR3(20)¢BR1(20)
AR9(20)+AR10(20)+AR11(20) 0
COMMON/ANGL/THT1(20) e THTF (20)e THTP(20)
COMPLEX PALP1 +PALP2
COMPLEX PHASPEGO+ALPHDS+ATTENALP] ALP2+PHCW1 PHCW24.DSQACECWLETOT
COMPLEX CPTHL «PHASE +ALPHDSQeDELSP«CML 1 «CML2¢CEXP
COMPLEX SPHASE
DEGRAD=0.01745329
RADEG=57.29578
P1=3.1415927
P12=P1 /2
TP=2¢%P1
READ(S5+1) N
READ(S+2)WAVE «DTHT
WRITE(6+2)NAVEWDTHT
READ(Se3)Y(THTI(IR) «THTF (IR)eAR1 (IR)Y+AR3(IR)«BRI(IR)IWARI(IR)AR10 (1

CR)+AR11 (IR)sIR=1sN)

DTHB=DEGRAD

FNT=180e/DTHT

NT=FNT-1.

FK=TP/WAVE

DO 100 NTH=14NT1

FNTH=NTH

THTD=FNTH*DTHT

THT=DEGRAD*THTD
IF(THTDeGTeF0e) THT=PI-THT
IF(THTD«GTe90e) CALL FNVRT (N)
CALCULATE INCIDENCE VECTOR

PHI =0

VIX==SIN(THT)

VIZ==COS(THT)

VIY=0,

CALCULATE INCIDENT E-VECTOR-PARALLEL POL
EIX=COS(THT)

EIY=O.

EIZ==SIN(THT)

DETERMINE SPECULAR POINT
FNSPP=0.

NSP=0

RSPP=0.

THSPP=0.

DO410 ISP=14Nos1

CALL FCOMMI(ISP)

CALL FSPDT(RSPsTHSPsFNSPsTHTI(ISP)«THTF (ISP)«DTHBsOe VIXsVIYIV1Z)
IF(FNSPPeGTeFNSPsORes THSP+GT«P12)GOTO 411
FNSPP=ABS (FNSP)

RSPP=RSP

THSPP=THSP

NSP=]SP

CONTINUE

CONTINUE

DETERMINE CREERPING WAVE POINTS
FCwu=0.
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0000
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011

0012
0013
0014
0015
0016
0017
0018
0019
0020
0021

0022
0023
0024
0025
0026
0027
0028
0029
0030
0031

0032
0033
0034
0035
0036
0037
0038
0039
0040
0041

0042
0043
0044
0045
0046
o047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061

0062
0063



511
510

5211
520

21

20
22

522

524

NCcwWU=0

RSCWU=0.,

THCWU=0,

DO 510 ICW=IsNslI

CALL FCOMM(ICW)

CALL FSPOT(RCWUs THWUFWUsTHTI (ICW)+THTF(ICW) +DTHBsOe+EIXIEIYIEIZ)
IF(FCWUeGTeFWUsORe THWUS L TePI2)GO TO SI11
FCWU=ABS (FWU)

RSCwWU=RCWU

THCWU=THWU

NCWuU=ICw

CONTINUE

CONTINUE

FCWL=0.

NCwL =0

RSCwWL=0,

THCWL =0,

DO 520 ICwW=14sNysl

CALL FCOMM(ICW)

CALL FSPDT(RCWLsTHWL sFWLeTHTI(ICW)sTHTF(ICW)+DTHBIPIEIXEIYEIZ)
IF(FCWLeGTeFWLsOReTHWLeGT«P12) GO TO 521
FCWL=FWL

RSCwWL=RCWL

THCWL=THWL

NCwWL=ICW

CONTINUE

CONT INUE

WRITE(6+7) NSP«NCWUsNCWL
WRITE(6+6)THSPP+« THCWUsTHCWL
CALCULATE GEOMETRICAL OPTICS TERM
CALL FCOMMI(INSP)

CALL DIFFGO(RSPP.+THSPP+RDUMsRDDMIECAP+FCAP +GCAPJELCFLCsGLC)
IF(GCAP) 20421420

GAUSS=ELC/ECAP

GAUSS=GAUSS*GAUSS

GO TO 22
GAUSS=(ELC*¥GLC~FLC*FLC)/(ECAPX¥GCAP-FCAPXFCAP)
CONTINUE
PHASP=PHASE (THT +0e s THSPP 40 s + RSPP +FK))
EGO=-SQART (1. /GAUSS) ¥PHASP /2,
CALCULATE CREEPING WAVE PATH LENGTH
EXTERNAL DELSP

CwWL1=U.

DO 522 NCPU=NCWUsN+1

CALL FCOMMINCPU)

TCWI=THCWU

TCW2=THTF (NCFU)

IF(NCPUeGTeNCWU) TCWI1=THTI (NCPU)

CALL FINT(CML1+DELSP+TCW1+TCW245¢042)
RCML1=REAL (CML 1)

CwL1=CwLI+RCML1

CONTINUE

cwL2=0,

DO 524 NCPL=NCWL N+l

CALL FCOMMINCPL)

TCW1=THCWL

TCW2=THTF (NCPU)

IF(NCPL«GTeNCWL) TCWI=THTI (NCPL)

CALL FINT(CML2+DELSP+TCW1+TCW24¢5404+2)
RCMLZ2=REAL (CML2)

cwLZ2=CLwW2+RCML2

CONTINUE

WRITE(6+8) CWL1CWL2
FKL1=FK*¥CwL1
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0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
oo82
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0l102
0103
0104
0105
0106
0107
o108
0109
0110
o111
o112
0113
Ol1la
0115
o116
(o]f) 90 BT 4
0118
0119
o120
o121
o122
0123
o124
o125
o126
o127



530

532

G

100

FKL2=FK*CWL2

FKLCW=FKLI+FKL2

CALCULATE CREEPING WAVE ATTENUATION
EXTERNAL ALPHDS

ALPI=(0es0s)

DO 530 NCPU=NCWU N4 1

CALL FCOMM(NCPU)

TCWI=THCWU

TCW2=THTF (NCPU)

IF(NCPU+GT«NCWU) TCW1=THTI (NCPU)

CALL FINT(PALP] sALPHDSsTCW1 e TCW2e560042)
ALPI=ALPI+PALP]

CONTINUE

ALP2=(0e+0e)

DO 532 NCPL=NCWL N1

CALL FCOMM(INCPL)

TCWI=THCWL

TCW2=THTF (NCPL )

IF(NCPL«GTeNCWL) TCWI=THTI (NCPL)

CALL FINT(PALP2 ALPHDSsTCW]1 +TCW2+¢5e¢002)
ALP2=ALP2+PALP2 :
CONTINUE

ATTEN=ALP1+ALP2

CALCULATE CREEPING WAVE

PHCWI=SPHASE(THT+0e s THCWU +0e s RSCWUFK)
PHCW2=SPHASE(THT s0e s THCWL s O e sRSCWL +FK))
CALLDIFFGO(RSCWUsTHCWU«RDUM+sRDCMIECAP 1 +FCAPI1 +GCAP1+ELCI +FLCl oGLCI)

CALLDIFFGO(RSCWL s THCWL +RDUM+RDDM+ECAP2+FCAP2+GCAP24+ELC2+FLC24.GLC2)
1

FKAP1=ELCI/ECAPI
FKAP2=ELC2/ECAP2
RHCWI =1 « /FKAPI

RHCWZ2=1 e /FKAP2
DSQC=DSQ(RHCW1 +RHCW2 +sWAVE)
ECW=—2¢*¥DSQCH¥PHCWI ¥PHCW2*#CEXP (=ATTEN+(Oess=1]+ ) ¥FKLCW)
ETOT=EGO+ECW

EMAG=CABS(ETOT)
SIGMA=2 ¢ * TP *EMAG*EMAG
SIGMAL=10+*¥ALOG10(SIGMA)
IF(THTDeGT«90e) CALL FNVRT(N)
WRITE(6+S)THTDWEGO+ECWETOT
WRITE(6+4)THTD+SIGMA+SIGMAL
CONTINUE

STOP

END

$IBFTC DELSPe LIST

COMPLEX FUNCTION DELSP(THT)

R=RAD(THT)

CALL DIFFGO(R+THT+RDUM«RDDM+ECAP +FCAP +GCAPELCFLCGLC)
ECAP=ABS(ECAP)

DELSP=CMPLX(SQRT(ECAP )04

RETURN

END

$IBFTC FNVRT. EESIT

SUBROUTINE FNVRT(N)
COMMONRA 1 +RA3+RBI +RA9+RA1UWRA11 +WAVE/DATA/ZAR1 (20)+AR3(20)sBR1(20)

CAR9(20)+ARIO(20)+AR1 T (20)

COMMON/ANGL/THT1(20) s THTF (20)+ THTP(22)
Pl1=3.1415927
DO 10 I=1weNsl
BRI(I)==BR1¢(¢1])
AR (1)==ARI (1)
THTP(I1)=PI~-THTF (1)
THTF (1 )=PI-THTI (1)
THTI (I )y=THTP (1)

12

o128
0129

0130
0131

0132
0133
0134
0135
0136
0137
o138
0139
0140
0141

0142
0143
0144
0145
0146
0147
0148
0149
0150
0151

0152
0153
0154
0155
0156
0157
o158
0159
0160
o161

ole2
0163
0164
0165
0166
o167
ores
0169
0170
0171

0172
0173
0174
0175
o176
o177
o1r7s
0179
0180
0181

0182

0183
0184

0185
oi8e6
0187
orss
0189
0190
0191
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CONTINUE
RETURN
END

$IBFTC SPHAS LIST

COMPLEX FUNCTION SPHASE(THTI «PHII «THTB«PHIB«RBFK)
FS=1e
TEST=ABS(PHI I -PHIB)
IF(TESTeEQeOe) FS==1]e
FL=RB¥COS(THTI+FS*THTB)
FKL=FK*F{_
SPHASE=CMPLX (COS(FKL)«SIN(FKL)Y)
RETURN
END

$IBFTC PHAS. LIS

COMPLEX FUNCTION PHASE(THTI +PHIT+THTB«PHIB«RBFK)
FS=1oe
TEST=ABS(PHII-PHIB)
IF(TESTeEQeOe) FS==1e
FL=2e*RB¥COS(THTI+FS*THTB)
FKL=FK*FL
PHASE=CMPLX(COS(FKL)«SIN(FKL))
RETURN
END

$I1BFTC ALPHe L TSiTe

10
11

COMPLEX FUNCTION ALPH(RHO1 +RHO2+WAVE)
COMPLEX ALPH«EX
EX=CMPLX(0e86603:0e5)
IF(RHO2eEQeCe) GO TO 10
RA=RHO1 /RHO2

U2=(1e48/EXP (0+,84%RA))+0.20
GO TO 11

U2=0.20
AR1=2¢*ALOG(RHO1)/3e
FR1=1e/EXP(AR1)
WV1=ALOG(WAVE /3.
FWV=1e/EXP(WV1)

ALPH=UZ2¥FR1 ¥FWV*EX

RETURN

END

$IBFTC DSQe L:IESiT

COMPLEX FUNCTION DSQ(RI1 +RS1+WAVE)
COMPLEX DSQe«EX
EX=CMPLX(e96593+=¢25882)
Ul=0e270

A=SQRT(RI1*RS1)
AL=ALOG(A)Y/ 3.
WV=2+*#ALOG(WAVE )/ 3e
FA=EXP (AL)

FW=EXP (WV)
DSQ=U1*FA*F WH*EX

RETURN

END

$IBFTC ALPDSe. LIST

COMPLEX FUNCTION ALPHDS(THT)

COMMON AR1+AR3+ER1+AR9+AR10+«AR11 +WAVE
COMPLEX ALPHDS+ALP«ALPH

P1=3e1415927

R=RADI(THT)

CALL DIFFGO(R«THT«RTHT «+RDDM+ ECAP FCAP «GCAPELC+FLC+GLC)
FMET=SQRT(ECAP)

RHO1=ECAP/ELC

RHO2=GCAP/GLC

IF(THT eEQeOe e ORe THT e EQeP 1) RHO2=RHO1
RHO1=A3S(RHO1)
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RHO2=ABS (RHO2)
ALP=ALPH (RHO1 +RHO2 + WAVE)
ALPHDS=ALP*FMET

RE TURN

END

$1BFTC DIFGO L1ST

oO00OO0O0

SUBROUTINE DIFFGO(ReTHT+RTHT+RTTHIECAP +FCAP sGCAPIELC+FLCsGLC)

COMMON A1+A3+81+A9+A104A114+WAVE

DIFFERENTIAL GEOMETRY PROPERTIES OF QUADRIC SURFACE OF REVOLUTION
FIR¢THT)=A1*¥R¥R¥SIN(THT)*¥SIN(THT )+A3*¥R*R¥COS(THT)*COS(THT)+B 1 #R*¥R*

SIN(THT )#COS(THT)I+AGXR#¥COS(THT)I+AL1O0#¥R*SIN(THT)I+A11=0
THETA-PH1 COORDINATES

UPPER AND LOWER CASE F = O

INPUT Al +A3+814A9+A10:A11+Rs THT

PH1=0e

ST=SIN(THT)

CT=COS(THT)

S2T=SIN(2%THT)

C2T=COS(2%THT)

ST2=ST*ST

CT2=CT*CT

SP = SIN(PHI)

CP = COS(PHI)

UsALI*¥ST2+A3RCT2+B1 *¥STH*CT

V=A9O#CT+A10%ST

UTHT=A1#S2T—-A3#S2T+B1*#(CT2-ST2)
VTHT=-A9¥ST+A10%CT

UTTH=2e % (A1=A3)#C2T—-2.#B1*S2T
VTTH==A9¥CT—-A10%ST 4
S1=2+¥R¥U+V

S2=R*¥UTHT+VTHT

FMAG=SQRT(S]1#S5]1+52%52)

FMAG2=FMAG*FMAG

FMAG3=FMAG2¥FMAG

CALCULATE UPPER CASE E+F +G

RTHT=—-R%#52/51

ECAP = R*¥R+RTHT*RTHT
FCAP = Qo

GCAP = R¥*R¥ST?2
CALCULATE LOWER CASE E+FsG

RTTH==(2 ¢ ¥RTHT* (2 ¥*R¥UTHT+VTHT ) +2 ¢« ¥*RTHT¥RTHT ¥U+R* (R¥UTTH+VTTH) )/S1

ELC=(RTTH¥S1+2*¥RTHT¥*S2-R*S] )/FMAG

FLC = Oe
GLC==R*(S1*¥ST2+S2*¥ST*CT)/FMAG
RE TURN

END

$1BF T FSPDTe LIST

c

€

SUBROUTINE FSPDT(RSPsTHSPsFNT s THTSsTHTF«+DTHT«PHI ¢+ VXeVYsVZ)
INPUT THTSsTHTF«DTHT +PHI ¢ VX VYVZ
COMMON AR]1+AR3+BR1+AR9+AR104+AR11 +WAVE
SEARCH FOR LARGEST SCALAR PRODUCT IN SECTION
FND=ABS((THTF-THTS)/DTHT)
ND=FND+1 o
FNT=0.
QSP=O.
THSP=0.
DO 100 I=1sNDos1
Fl=1-1
THT=F1*¥DTHT+THTS
R=RAD(THT)
CALL FNORM(FNX+FNY+sFNZsRsTHTsPHI1)
FNE=VX*#¥FNX+VY*¥FNY+VZ*FNZ
FNE=ABS (FNE)
IF(FNT«GTeFNE) GO TO 11
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1)
100

FNT=ABS (FNE)
RSP=R
THSP=THT
CONTINUE
CONTINUE
RETURN

END

$IBFTC FINT. LIsT

10

15

20

30
40
S0

SUBROUTINE FINT(SSS+FCTI+FLL+FULIERRRNX)
INPUT FCTI+FLL+FUL¢ERRRJNX

EXTERNAL DECLARATION FOR FUNCTION FCT! REQUIRED
COMPLEX SSSeSSeFSSsFCTI «TRAPITRAZ«SIMP+SIMZ«FNCPoFNCZ

FN=NX
DEL=(FUL-FLL)Y/FN
SSS=(00 900
ERR=0.01%ERRR/FN
A=FLL

DO 40 NNX=1+NXs1
MXX=0

B=A+DEL

SS=(0ee00)

MX=2

DX=DEL/2.

LX=1

X=A

GO TO 15

TRAZ=DX*SS

MX=1

LX=1

DX=DEL

SS=0.

LX=LX+1

DX=0e5#DX

X=A+DX

DO 20 IX=1eMXe1
FSS=FCTI (X)

SS8=SS+FSS

X=X+2e¢%#DX

IF(LXeEQel) GO TO 5
MX=2%¥MX
TRAP=0.S#TRAZ+DX*S5S
DIF=CABS(TRAP=-TRAZ)
IF(DIFeGEDIP) MXX=MXX+1
DIP=DIF
SIMP=(4«*TRAP~-TRAZ)/3e
FNCP=(16+%#SIMP=-SIMZ)/15,
EFER=CABS (1 «—FNCZ/FNCP)
TRAZ=TRAP

SIMZ=SIMP

FNCZ=FNCP

IF(LXeLTe4) GO TO 10
IF(MXXeGTe4) GO TO 30
IF(ER«GT«ERR)Y GO TO 10
SSS=SSS+FNCP

A=A+DEL

CONTINUE

RETURN

END

$IBFTC FFNRMe LIST

S

SUBROUT INE FNORM(FNVX+eFNVY +sFNVZeR«THT+PHI)
INPUT R«THT«PHI

COMMON AR19+AR3+BRI +AR9+AR10+AR11+WAVE
ST=SIN(THT)

CT=COS(THT)
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SP=SIN(PHI)

CP=COS (PHI)
U=zAR1*¥STH*ST+ARJ*¥CTH*CT+BR1*ST*CT
V=ARG*#CT+AR10%#ST

UTH=2 ¢ * (AR1-AR3)*ST*CT+BR1 * (CT*CT~ST*ST)

VTH==AR9*#ST+AR10%*CT
F1=2¢%¥R¥U+V
F2=R*¥UTH+VTH
FX=ST*CP#F 1 +CT*CP*F 2
FY=ST*SP*#F 1 +CT*SP*F2
FZ=CT*F1=-ST¥*F2
FN=SORT (FX*FX+FY*FY+FZ*FZ)
FNVX=FX/FN
FNVY=FY/FN
FNVZ=FZ/FN
RETURN
END

$18F TC RADD L1ST

€

1
12

FUNCTION RAD(THT)

CALCULATE R ]
COMMON AR1+AR3.8BR1+AR9+AR10+AR11 «WAVE
ST=SIN(THT)}

CT=COS(THT)

CIl1=AR1 *¥ST#ST+AR3*CT*#CT+BR1 *¥ST*CT
C2=AR9*CT+AR10%ST

C3=AR11

IF(C1¢EQeOe)IGO TO 11

ARG=SQRT (C2%C2-4%#C1%*C3)
R=(=-C2+ARG)/(2+%C1)
R2=(=C2-ARG)/ (2+%C1)
IF(R2:LTeReANDsR2¢GTe0e) R=R2

GO TO 12

R=-C3/C2

RAD=R

RETURN

END

$IBFTC FCOM. LI1ST

$DATA

SUBROUTINE FCOMMI(TI)

COMMONRA] +RA3+RB1+RA9+RA10+RA11+WAVE/DATA/AR]1(20)+AR3(20)+BR1(20)
CAR9(20)+AR12(20)+AR11(20)

RA1=AR1 (1)}
RA3=AR3(1)
RB1=8BR1 (1)
RA9=AR9 (1)}
RA10=AR10(1)}
RA11=AR11(])
RETURN

END
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APPENDIX II
THE COMPUTER FLOW DIAGRAM

The flow diagram presented in Ref, 1 is presented here.

This diagram shows the sequence in which the operations are
performed,
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CREEPING WAVE Compurar PRo& RAM

HorizonTAL PoiLARIZATION

Comprex,Dimension,
ComMMmoN , § FORMAT

DEciLARATIONS

Y

Rzap - No. o S&crions- (N)
wavecengry ( wava)
INcioance Axars (THT)

)

CoOEFFICIBNTS omr 2AND

Deeree Eavariow,
SEcTieNn Bouwnda RI1ES

TTHTI (D), THTF(T)

!

Do /00 ow

INciDENCB ANGLE

Y
Do /00 ON
WAVELENGTH

/

Ir (THT> T/2) INVERT TARGET
CALL FNVRT

Y

Caccutaté INciDENCE

Vecron V AND INCDENT

Fiewd Vecror E

!
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!

DeaTERMINE Specurar Pont

( Do 4/0 IsPw= /N )o——

CaLe Fcomm (T sp)
CALL FSPODT
CALL FANORM

SELECT LARGEST PRobUCT
OF =~V eN= FNsSPP

LocAT 10N *(RSPP, THS PP NsP)

10 \

CONTINUVE

A

Derarnmine Creep/ng WAVE

ATTACHMERT PoINTS

Loop en IceW
Do 510 Icw= /N

CALL Fcomm (Tcw)
CAaLL FspoerT
CALL FHNORM

SeELEcr LaRgesTt PRobpucT
oF |E.N|= FCWU on Upper

HaLe oF TAkgeT AT LOCATION

(RscwW U, THew Y, ICwW J)

!

L5,




5o 4
Loop on ICW

ConTINUE >

(Do 520 zcw=/,~)4

CALL Fedmm (Tew)
CALL FspopT

CALL FANORM

Y

SBLECT LARGEST PRobucr oF
IE-NI ~ FCWL ON Lowar

HAaur oF TARGET AT LocATion

(Rsewe ,THoweL ,Rew)

520

CONTINVE

b

CALCULATE GEOMAETRICAL

OPrTics CONTRIBUTION

I

CALL Fcomm (NsSP)

CALL DrFFgo

Compur& Gavssian CurvatnRE

PHASP = PHASE( Spgcuiar Pr)

2
Bae (enuss 2.

v

20



l

Cwi| = ©,

CAtcuciare CREgPING WaAra
PATW LewngrHd

oy

Coo 522 NCPu= NCWU,N,! )‘___

y

CALL Fcomm

TCWI=THWUY

IF (NCPU > NCW V) TCwi=THTIkew)
TCwW?2 = THTF(NCPU)

(NCPL)

CALL FunT (RCMLI, ds, Tcw!, Tcwz)
PATH LENGTH= RCmy

Cwil= CwLl +RMLI

522
CONTINVE
wiLa = O,

y

( Do 524

NCPL® NCWL‘N,D‘J'°OP on NCPL

4

CALL Fcomm (NcpL)
TCwls THCWL

TF (NCPLY NEwL) TCwi=TRYI{ AcPL)
TCW2 = THTF(NCPL)

l

21



|

caL Fint (RCML2,ds, TCwi, TCw2)
PATH LENGTH= RCML2

X

Cwiza = Cwia+ RcML2

A

Lo NCPL
CONTINVE 2f o >

\

FKkLi= 21 -Cwii/wave
FkL23 2¥-CWL2/WAVE
FICW® FKLl + FKL2

\

CALCULATE CREEPING WAvVE
Arrenyar/on Acong PATH

ALPI=(0.,0)) -, ALP2e(0.,0))

i

Nc py
( Do 530 ANCPU™ ACWU,N, | )‘ Loop oN

1

CALL Fcomm (Ncpu)
Tewl= THCWU
TE(NPV » NCWU) Tewl = THTT (NCPU)

TLw2 = THTF (NCPY)

A

CALL FINT (pm.mJ Kds , Tcwi, Tcwz)

ATTENVAT, 0N = PALPI

ALPI= ALPI + PALp;

v
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ss0 |

CONTINVE Loop on NCPY

‘ Do 532 NCPL=ANCWL, NII}

CAwe Fcomm (NCpL)

TWi= THCwL
IF( NCPL> Ncwi) Tcwl= THTT (NcpL)
TCW2 = THTF (NcPL)

CAL FinT (PALP2, &ds, TCwI, T cw2)

ATrEeNUAT/ON = PALPZ

ALPa= ALP2 + PALp2

532

CONTINUVE

ATTEN = ALPI +ALP2

Y

CALCULATE CREEPING WAVE

FieLps

4

PHCwI = SPHASE ( THCWVY) RSCWU)

PHew2 = SPHASE( THcwL) RSCWL)

Y
CALCULATE ‘Dz
CALL D I FFGo ( THCWY, Rscwy)

CALL DTPEGOo (THCWL , RSCwL)
v
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1

Dsac= Dsq( Piy Pz, wave)

P

ECW=-2.% DSQC % PHCWIKPHC W2
«cexp(—ATTEN - | FRLCW)

EToT = E£GO + ECW

:

CALcuLATE Ecno AREA

‘-

WRITE

/100
1 Loop own WAVE L ENGTH

CONTINVE Loor on IncinanNca Anera

‘

Stop
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